Compartmentalization of proteins in lipid droplet biogenesis.
Our existing understanding of the structure, protein organization and biogenesis of the lipid droplet has relied heavily on microscopical techniques that lack resolution and the ability to preserve native cellular and protein composition. The electron microscopic technique of freeze-fracture replica immunogold labeling (FRIL) overcomes these problems, and is currently providing new perspectives in the field. Because of the property of frozen lipids to deflect the fracture plane, en face views of the lipid droplet and its component layers are revealed for high resolution visualization. By means of immunogold labeling, proteins involved in the accretion and mobilization of lipids, notably the PAT family proteins, can be localized at and in the droplet. Application of this approach demonstrates that, contrary to prevailing wisdom, the PAT family proteins are not invariably restricted to the surface of the lipid droplet but can occur throughout the core. The notion that lipid droplet biogenesis involves neutral lipid accumulation within the ER membrane bilayer followed by budding off, enclosed by a protein-containing phospholipid monolayer, is not substantiated. Instead, lipid droplets appear to develop externally to both ER membranes at specialized sites in which the ER enwraps the droplet, and the facing leaflets of the ER membrane and droplet surface are enriched in adipophilin. PAT family proteins are not, as often stated, specific to the lipid droplet, but are widely present in the plasma membrane where, under conditions of lipid loading, they adopt a similar configuration to that of specialized sites in the ER. FRIL has further provided new insights into the mechanism of secretion of a special type of lipid droplet, the milk fat globule. These examples highlight the contribution of the FRIL technique to critical appraisal and development of concepts in the lipid droplet field.